The effects of severa rotenoids have been studied on potato ( wm taberoam L.) tuber and etiolated mung bean (Pkasels arnm Roex) hypocotyls m i Te selective inhibition of mitoch l complex I is c tI by several tests: (a) no effect can be observed on exogenous NADH or s teoxidatin; (b) At present, rotenone is often used in laboratory experiments on animal or plant mitochondria (9, 11) because ofits inhibitory properties on complex I. In this work, we have compared the activity of other rotenoids to that ofrotenone itself, on two types of plant mitochondria in order to obtain some information on the structural features needed to obtain a spcific inhibition of complex I and to determine the conditions under which the rotenoids are efficacious.
At the present time, almost 200 different compounds isolated from angiosperms have been classified in the isoflavonoid family (10) . In contrast with the flavonols which are widely distributed among the plant kingdom, isoflavonoids can only be found in a small number of botanical families mainly in the iLuminoseae (Lotoideae and Caesalpinioideae). Among Rosaceae, Moraceae, Amaranthaceae, Iridaceae, and Podocarpaceae, some species are able to synthezise isoflavonoids.
Originating from the CIs isoflavone structure itself, some more complex molecules (rotenoids, pterocarpans, coumestans) appear in a very small number of botanical genus. Only rotenoids have been studied in this work. The rotenoid molecule (Formula I) is composed of four rings A, B, C, D; A, C, D rings characterize the C,s isoflavone structure; an additional ring E is often present in rotenoids and associated with ring D. Almost 50 different rotenoids have been isolated from the genus Derris (10), Tephrosia, Milletia, Mundulea, Lonchocarpus (17) , and Piscidia, which are tropical plants ofthe Leguminoseae family, growing in Africa, Asia, or America. For several centuries, these plants have been used to prepare hunting or fishing poisons. More recently, their insecticidal properties were discovered in Europe and several scores of tons of plant dry powder are sold every year at the present, as a major constituant ofhouse insecticidal preparations.
Rotenoids are generally located in the superficial parts of the underground organs of the plants and often reach a very high concentration. The most common rotenoid is rotenone itself (Formula I). It has been first isolated from the roots of Robinia Nicou Aublet. This plant is commonly named 'roten' in Taiwan. At present, rotenone is often used in laboratory experiments on animal or plant mitochondria (9, 11) because ofits inhibitory properties on complex I. In this work, we have compared the activity of other rotenoids to that ofrotenone itself, on two types of plant mitochondria in order to obtain some information on the structural features needed to obtain a spcific inhibition of complex I and to determine the conditions under which the rotenoids are efficacious.
MATERIALS AND MEHMODS Prepari of Miochondria. Mitochondria from potato tubers (Solanum tuberosum L) and etiolated mung bean (Phaseolus aureus Roxb.) hypocotyls cut from bean seedlings grown from 5 d in the dark at 26*C and 60% RH. were pred and purified by methods previously described (8) . All operations were carried out at 0 to 4C. Following purifications, the mitochondria appeared to be virtually free from extramitochondrial contamination and had a high degree of membrane intactness, as judged by electron microscopy and by low activities of the inner membrane and matrix marker enzymes (antimycin A-sensitive NADH; Cyt c oxidoreductase and malate dehydrogenase). In addition, the mitochondria were tightly coupled: averaged ADP/ 0 ratio for succinate was 1.8 and respiratory control ratio for the same substrate was about 3.
02 Uptake Measurements. 02 uptake was followed polarographically at 25°C using a Clark-type electrode system purchased from Hansatech Ltd. (Hardwick Industrial Estate, Kings Lynn, U.K.). The reaction medium contained 0.3 M mannitol, 5 (Fig. 1) . Moreover, deguelin at the same concentrations, fails to show any uncoupling properties when an uncoupling test, descried before (25) , is employed.
In the same way, deguelin at concentrations between 1 and 300 Mm does not induce sweling of mitochondria in the presence of NH.4C1 or NH4NO3 0.15 M (result not shown); deguelin is, therefore, unable to allow a transfer of protons through the mitochondrial inner membrane.
All these results together demonstrate that deguelin is ineffective on the phosphorylation mechanism, i.e. proton gradient formation, activities of the coupling factor, and of nucleotide carrier.
(b) Deguelin Effects on the Electron Transfer with Succinate or NADH ( Fig. 2 ). Deguelin at concentrations between 1 and 300 AM iS without effect on the rates ofsuccinate or NADH oxidation in the presence of ADP or of an uncoupler such as FCCP, in potato or mung bean mitochondria. Deguelin is, therefore, without inhibitory properties either on the external NADH dehydrogenase, succinate dehydrogenase, and complex III and IV.
(c) Deguelin Effect on Malate Oxidation (Fig. 2) . Malate oxidation by plant mitochondria involves the enzyme MDH and NAD+-linked ME, both of which are loclized in the mitochondrial matrix (7) . ME catalyses the oxidative decarboxylation of malate to pyruvate with NAD+ and Mn2+ as cofactors (15) . The activity of ME in intact mitochondria is influenced by a number of factors, including the pH of the external medium (16) . At higher pH (7.5 or more depending on the species), ME is less active than at lower pH. The concentration of NAD+ within the mitochondrial matrix can also influence the activity of ME, with higher concentrations stimulating, and this can be altered by adding NADI to isolated mitochondria (27) .
MDH activity is reversible and, in the mitochondrial matrix, the characteristics of malate oxidation strongly support the evidence that the regulation in vivo of MDH activity can be readily accounted for by equilibrium effect alone (2, 20) . MDH (2, 20) . Under state m conditions, NADH/ NADI ratio is low and the equilibrium ofthe MDH reaction has moved toward oxaloacetate formation. One of the reasons why potato mitochondria are able to consume 02 at significant rates at high pH with malate as substrate in the absence ofa biochemical system to remove oxaloacetate, is because they excrete oxaloacetate into the external medium (20) .
At pH 7.5 in the presence of 5 gM deguelin, 02 uptake is inhibited (Fig. 2) . This inhibition could concern complex I or MDH itself. Mitochondrial treatment with Triton X100 permits to obtain a MDH solution. The appears just after injection of deguelin reflects the concerted operation of MDH and ME (23) . Just after the addition of deguelin, previously accumulated oxaloacetate reenters the mitochondria and is reduced via MDH at the expense of NADH produce by ME; consequently, 02 uptake is initially slow. When all the oxaloacetate has been removed, NADH becomes accessible to the respiratory chain again and 02 uptake rates increase (Fig. 2) . Under these conditions, the rotenone-insensitive internal NADH dehydrogenase may be engag (18 (27) . This can be explained by the fact that, in contrast with mung bean mitochondria, potato mitochondria are very often depleted of their NAD+ content. Addition of exogenous NAD+ is followed by its selective transport through the inner membrane (27) and allows a high level of ME activity. Without added NAD+, internal NADH concentration is not sufficient to engage the rotenoneinsensitive internal NADH dehydrogenase and deguelin is then active as inhibitor at pH 6.5 as at pH 7.5 (Fig. 3) . In addition, Figure 2 shows that, in the presence ofdeguelin, malate oxidation at pH 6.5 is strongly inhibited by antimycin A.
(d) Deguelin Effects on Citrate and a-Ketoglutarate Oxidation. Figure 2 shows the oxidation of citrate and a-ketoglutarate at pH 7.2 and in the presence ofNAD+ (i.e. when the matrix NAD+ concentration is high). After addition of 1 jiM to 300 uM deguelin, no apparent inhibition ofthe 02 consumption appears, but ADP/ 0 decreases 1 unit with either citrate or a-ketoglutarate in the presence of 0.3 mm malonate and 0.3 mM TPP (Table I) . When endogenous NAD+ concentration is too low, (i.e. potato tuber mitochondria in the absence ofexternal NADI), 02 consumption is strongly inhibited by deguelin (Fig. 3) . When NADI is added to the reaction medium, 02 consumption rate with a-ketoglutarate or citrate at pH 7.2, in the presence ofdeguelin, is comparable to 02 consumption obtained with malate at pH 6.5 (see Fig. 2 ). Nevertheless, the transient inhibition never appears (Fig. 2) (Fig. 5) . Again, after addition of each of the studied rotenoids (except for rot-2'-enoic acid), ADP/O ratio values decrease 1 unit (Table II) (Table II) .
DISCUSSION
The experimental procedures employed here permit the charactrization of products inhibiting selectively complex I. These tests derive from about 30 years of scientific rch which has progresavely explained the mode of action of compounds such as rotenone, barbiturates, amytal, or piericidin A on plant or animal mitochondria.
In plant mitochondria from several botanical species, the specific inhibition of maoate ion by rotenone has been studied by Chauveau and Lance (6) , Palmer (22) , Wilson 
